1 between BS-PM and PS-P.M, suggesting that the difference of the contribution of steric hindrance among side chains to A -1 between these two polymers is appreciable.
Introduction
Since brush-like polymers, which have comb-like structure with dense side chains, \Vas found to behave as stiff chains,I-8 the relations of the main-chain stiffness parameter _A.-1 to the polymer structure and/or the segmental interactions have been one of the important issues of polymer solution study. We have studied polymacromonomer (PM) with side and main chains both consisting of polystyrene (PS-PM)
to determine A -1 in good and theta solvents as functions of the degree of polymerization of side chain n. 9 -12 From these studies, we concluded that A -1 is expressed by a sum of two parts, .A.b 1 and . A. 0 \ the former represents the effects of segmental interactions among side chains and the latter is a constant term. The latter part is considered to be mostly from the steric interactions of side chains.
There are several theories to calculate Ah 1 . 13 -16 These theories predict that Ah 1 increases with increasing n and decreases with increasing the side-chain spacing.
Increase of A -I with n was experimentally observed in dilute-solution dat a for several Pl\il 's. 3 · G-s However, decrease of _A.-1 with increasing the side-chain spacing has not been observed, yet. It is desirable to study A -I of polymers with different side-chain spacing to check the validity of the theory.
Most of polyrnacromonorners are synthesized from polymerization of macro monomers with a vinyl group. The side-chain spacing of such polymacromonomers is fixed by two carbon-carbon bonds. If we use a macromonomer with a. diene group at the end, we may inerease the side-ehain spaeing.
Here, we report synthesis of a polymacromonomer having a backbone with polybutadiene strueture and polystyrene side chains (BS-PM) with n = 20 and dilute solution properties of it in toluene and cyclohexane; . 
Experimental Section

Polymer Samples
The macromonomer with a diene group was synthesi:ted from the coupling reaction of living polystyrene; styrene was polymerized in toluene with benzyllithium as the initiator and terminated with 6-bromo-3-methylene- were in the range from 1.03 to 1.04, when they were determined by gel-permeation chromatography with the calibration curve for these I3S-PM samples. The chemical structure of the BS-PM polymacromonomer is shown in Figure 1 along with the structure of PS-PM.
( Figure 1) 
Measurements
For light-scattering measurements, from five to eight solutions with different concentrations ·were prepared for each polymer-solvent system. The weigh fraction w of the solute in each solution was determined gravimetrically. The mass concentration c \Vas calculated by multiplying w by the solution density p, which was calculated as a function of w from the following equation, Small-angle X-ray scattering (SAXS) measurements were taken to determine (S 2 ) of the lowest molecular weight samples in cyclohexane at 34.5aC at a beam line BL40B2 of the synchrotron facility SPring-8. The wavelength and the camera length were chosen to be 0.1 nm and 3 m, respectively. A capillary cell, whose temperature \Vas controlled within ±0.1 degrees by circulating water, was used for the measurements. The scattering image detected by an imaging plate was circularly averaged to obtain the scattering intensity as a function of the scattering angle. The scattering data were analyzed by the same way as the light-scattering data.
The intrinsic viscosities for toluene and cyclohexane solutions were measured using a conventional capillary viscometer of the Ubbelohde type.
Results and Discussions
Second Virial Coefficient
The plot of A 2 against T for a sample BS2 in cyclohexane is shown in Figure   2 . The theta temperature where A 2 vanishes became 29.0°C. This is lmver than the theta temperature 34.5aC for PS-PM 10 -12 and linear polystyrene in cyclohexane.
The values of A 2 for three samples in cyclohexane at 34.5 ac were about 1.1 x 10-
Since A 2 for PS-PTv1 was zero, the segmental interactions bet\veen polystyrene side chains vanish in this solvent. Therefore, the positive A 2 of BS-P.\11, which has the same side chains as PS-PM , in cydohexane at 34.5 oc can be ascribed to the repulsive interaction between side-chain and main-chain segments.
( Figure 2) 
2. Radius of Gyration
In Figures 3 and 4 , values of (S .AL 1
The contour length L of the polymacromonomer molecule may be related to Mw
Here, 6 denotes the additional contour length of the polymacromonomer molecule by the side chains near the main chain ends, which apparently increase the length of the molecule. 21 Therefore, parameters to be assigned to draw a calculated line are ;,-1 , 1\Ir,, and 8. However, since it is impossible to determine these three parameters uniquely from the data in Figure 3 , we estimated M 1 as follows. From the experimental results for PS-PI'v1, the main-chain contour length per unit macromonomer residue h wa.s dose to the value when the main chain takes the extended conformation.
conformation of cis-1,4 connection and then obtained h as 0.44 nm. Divided this h by the macromonomer molecular weight, ML was obtained to be 5200 nm-1 • With this value of ML, the data for BS-P~f in cyclohexane at 29.0 ac in Figure 3 were fitted by the calculated curve by changing ,\-1 • The lower solid line in Figure 3 shuws the calculated values vvith ,\ -l = 8. 
For cyclohexane solutions of PS-PM, it was shown that A -l is not sensitive to temperature in the range from 32 to 45 °C. 9 It is also expected that ML is also insensitive to temperature. Therefore, we tried to fit the (S 2 ) data for cyclohexane solutions at The results of light scattering measurements along with [rJ] are summarized in Table 1 .
( Table 1) 
Intrinsic Viscosity
The This suggests that the side chain of BS-PM takes less extended conformation than PS-PM reflecting the lower side-chain density.
The scattering profiles (not shown here) obtained by the SAXS measurements were not well described by theoretical values for the cylindrical wormlike chain.
Possibly, this may be due to the low side chain density, that makes the surface of the molecule irregular. Theoretical and computer simulation studies on the side chain conformation might be desirable to support this conclusion.
The molecular parameters thus obtained are summarized in Table 2. ( Table 2) . '3.4 . Chain Stiffness Figure 6 shows >.- 1 for BS-PM in toluene and cyclohexane plotted against n along with the values for PS-P.tv1 in these solvents. The figure indicates that the value of ). -I for BS-PM in each solvent is smaller than that for PS-PM with the same n in the same solvent.
The stiffness parameter for PS-PM may be calculated by the following equation, 16 
(8)
The values of ).b 1 for toluene solutions may be calculated by the follmving first-order
\vhere (h denotes the binary-cluster integral between side-chain segments. We note 
Conclusion
Here, we demonstrated that the stiffness parameters of BS-PM with n = 20 in toluene and cyclohexane are smaller than those for PS-PM with the same n.
This qualitatively agrees with the prediction of the first-order perturbation theory, vvhich considers tvw-and three-segment interactions among side-chains for good and theta solvent systems, respectively. However, the difference between experimental values of A-1 for I3S-PM and PS-P:rvf in each of toluene and cyclohexane solutions is larger than that predicted by the corresponding theory. This suggests that the difference of A-1 comes not only from the segmental interactions but also from the ..s 
